Introduction: Previous studies estimating the association of maternal country of
tion, country of birth and education.
The study population included all singleton pregnancies delivering in Norway between 1999 and 2014 (960 516 deliveries).
Multiple gestations, pregnancy outcomes at gestational ages less than 23 weeks and equal to or over 44 weeks, and pregnancies with major congenital anomalies were excluded (n = 53 468), resulting in the analysis of 907 048 deliveries. Gestational age at birth was calculated by ultrasound fetal biometry. Nearly all women in Norway receive an ultrasound examination between approximately 17 and 20 weeks of gestational age as part of routine prenatal care in the national health system. Where ultrasounddating of gestational age was not available, the gestational age at delivery in the MBRN was based on the first day of the last menstrual period.
| Variables
We assessed both previously well-established HDP risk factors (parity, maternal age, diabetes) and previously under-studied factors such as maternal country of birth, educational level and consanguinity.
Mother's country of birth was grouped into one of 11 world regions, taking into account political, geographic, economic and cultural characteristics (Table 1) . European countries were grouped into three regions: Norway, countries belonging to the European Economic Association plus Switzerland (Europe/EEA) and countries not belonging to the European Economic Association (Europe/non-EEA). Canada and USA were grouped together (North America).
Other countries were grouped based on world regions defined by The World Bank, and remaining countries were grouped based on regions defined by Norway Statistics. was coded as "none", "Type 1", "Type 2" and "gestational diabetes".
Smoking status was coded as "no", "sometimes" and "daily", with missing data on smoking status coded as "no".
The two main outcomes studied were PE and GH. In MBRN, preeclampsia is defined as sustained de novo blood pressure ele- 
| Statistical analyses
Continuous data were categorized. Descriptive statistics were performed to identify the prevalence of hypertensive disorders of pregnancy according to maternal characteristics. The risks of GH and PE were estimated as crude and adjusted odds ratios (OR) with 95% confidence intervals (95% CI) by applying logistic regression analysis. A P-value of <.05 was used to define statistical significance.
Chi-square test was used in the bivariate analysis. Multivariate regression analysis was used to assess the independent association of country of birth to HDP. Women born in Norway were used as the reference group and adjustments were made for differences in education, age, consanguinity, diabetes and smoking status. The independent association of education to HDP was also explored, using women with a secondary education as the reference group and adjusting for differences in the above variables. The data were stratified by parity during the affected pregnancy; nulliparous (para 0) and parous (para 1 or more) women were analyzed separately, 
| Ethical approval
This study is part of The PURPLE Study that was approved by 
| RE SULTS
Of the 907 048 deliveries in the study group, 5.2% of deliveries were affected by HDP. The overall prevalence of the PE and GH were 3.4% and 1.8%, respectively (Table 1) . HDP was almost 2-fold higher among nulliparous than parous women (7.2 vs 3.7%). The reduction in PE prevalence from nulliparous to parous women was greater than the reduction in GH prevalence.
| Nulliparous deliveries
In the study group, 382 618 deliveries were to nulliparous women (Table 1) . A positive significant association between maternal country of birth, educational level, age, diabetes, consanguinity (1st cousins) and PE was observed in the crude regression analyses (Table 2) .
First-trimester smoking was negatively associated with PE. In the multivariate regression analyses, with all the significant variables included, the risk factors and associations remained almost unchanged ( 
| Parous deliveries
In the study group, 524 430 deliveries were to parous women (Table 1) . Compared with primiparous women (para 1), the adjusted risk for PE was significantly lower for multiparous women with a parity of 2 or more (Table 3) had a significantly lower risk of PE ( 
| D ISCUSS I ON
To the best of our knowledge, this is the first study estimating the The strength of this study is its large population-based dataset of almost 1 million deliveries during the study period, with a previously published validation study showing high validity of the preeclampsia diagnosis in the MBRN. 14 All foreign-born women delivering in
Norway were included in this study, not merely specific immigrant groups as in previous studies. 13, [15] [16] [17] [18] We performed multivariate regression analyses, which describe the complex covariation of the assessed risk factors.
Another strength is that all women receive equal and free-ofcharge antenatal care in Norway. Quality of care and definitions are standardized in the entire country, giving us an opportunity to compare women with different backgrounds/countries of birth within a fairly homogeneous national health system. Such comparison is difficult when comparing women giving birth in different countries due to the different data collection methods and local variations in delivery of care.
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A weakness of this study is that 16% of deliveries lacked data on maternal smoking status. A separate analysis of these women showed that their outcomes were closer to non-smokers than smokers (results not shown). We therefore included women with missing data on smoking in the non-smoking group, similarly to a previously published preeclampsia study using MBRN data. 19 The amount of missing data in the other variables was in general low and not greater than 3.9% (eg the education variable). Although registry data will always include some errors and missing data, the MBRN data are considered of high quality and suitable for research.
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The significantly lower risk of HDP among all groups of foreignborn women as compared with women born in Norway may be influenced by underlying social and biological factors. Immigrants to European countries tend to be healthier than their native-born hosts, partly due to strict national immigration policies 21 or selfselection bias, where the healthiest foreigners are more likely to succeed in emigrating and immigrating. In Norway, however, specific immigrant groups have a poorer health profile than Norwegians,
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so the healthy immigrant effect may not be present in our study.
In Oslo, female immigrants and immigrants with low education tend to utilize more healthcare services than Norwegians. 22 Nationwide, immigrants tend to utilize primary care services less often than
Norwegians, but those that do access primary care do so at a higher rate than Norwegians. 23 Because of variations in utilization of primary care services, language competency and baseline health among immigrant women in Norway, prenatal care providers may face diagnostic challenges. The lower risk of HDP is less likely due to an underdiagnosis of HDP among foreign-born women, as the diagnoses are finalized at the delivering hospitals, which offer the same surveillance and care to all women.
To date there are no other studies exploring the relation between education level and HDP in Norway. Education is a good proxy for socioeconomic status as it is less likely to be influenced by adult-onset diseases than are other measures such as income and occupation. 24 Our study found that, regardless of place of birth or parity, women with the lowest education level did not have an increased risk of HDP. Among highly educated nulliparous women the risk of PE was lower but the risk of GH higher compared with women of similar parity with secondary education. Our findings are in contrast to other studies estimating an inverse association between socioeconomic status and HDP in high-income countries.
9,10,25
The classic diagnosis of PE that MBRN used during the study data collection time period included development of new-onset proteinuria in addition to new-onset hypertension after gestational week 20 . Approximately 20% of all pregnant women first developing GH will also develop proteinuria before delivery. 26 Such women will thereby be diagnosed with PE in the MBRN as the maternal outcome diagnosis for this pregnancy. The variation in risk of PE and GH associated with education level may be due to a difference in utilization of healthcare services. We cannot confirm this, as the MBRN does not collect data on number of prenatal visits, duration of HDP, diagnosis on admission or indication for delivery.
In our study population, only 0.5% of nulliparous women and 0.6% of parous women were registered with chronic hypertension.
We performed a sensitivity analysis with chronic hypertension as a risk factor in the multiple regression analysis and found that it did not change our conclusions for any of the exposures in this study (data not shown).
Diabetes and advanced maternal age were, in addition to nulliparity, the strongest risk factors for HDP. This is in line with a previous study from Norway which found a significantly increased risk of preeclampsia in both immigrant and Norwegian women with diabetes.
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Consanguinity and the risk of HDP have not been previously studied in Norway. Although this was not the primary aim of our study, we found a negative association between consanguinity (1st cousins) and PE among nulliparous women. Studies from other countries show conflicting results. 27, 28 Consanguinity among certain immigrant groups in Norway has been linked to perinatal death and birth defects, 16, 29 with the risks persisting in second-generation immigrants and in subsequent pregnancies. 15, 30, 31 An association between consanguinity and HDP is possible, but given the very low number of women in the consanguinity group in our study, this may be a spurious finding. Further studies should be performed in cohorts with detailed pedigrees.
| CON CLUS ION
Our study found that maternal country of birth and education were associated with HDP. Women with higher education had the lowest risk of HDP and Norwegian-born women had the highest risk, regardless of parity and other confounding factors. Further investigation of other possible risk factors and healthcare utilization patterns might help explain the relative differences in the HDP subgroups among women of different education levels and countries of birth.
